Charmless B meson decays proceed via suppressed b → u tree and b → s, d penguin diagrams and are thus sensitive to New Physics. We present recent results from the LHCb experiment on angular analyses of decays of B mesons to a pair of light vector mesons (B → VV ) and searches for very suppressed decay modes.
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Introduction
Hadronic decays of beauty hadrons into final states without charm quarks (charmless decays) are suppressed in the Standard Model (SM) of elementary particles. They proceed predominantly through b → u transitions, mediated by the emission of a virtual W ± boson, and b → s, d transitions, mediated by the exchange of a virtual W ± boson and a virtual quark. The respective "tree" and "penguin" amplitudes are of similar size, allowing for possible large quantum interference effects measurable as charge-parity (CP) violating asymmetries. New particles not described in the SM may contribute with additional amplitudes, and therefore affect both the decay rates and the CP asymmetries. In this work, the most recent results from the LHCb experiment on angular analyses of B → VV decays and searches for very supressed decay modes are presented.
CP asymmetries and polarisation fractions in
The B 0 s → K * 0 K * 0 decay is mediated by a b → sdd flavour-changing neutral current (FCNC) transition, which in the SM proceeds through loop diagrams at leading order. This decay, when considered in association with its U-spin symmetric channel B 0 → K * 0 K * 0 , can be a possible field for precision tests of the SM predictions [2, 3, 4] . When interference with a final state containing a scalar meson is considered, in addition to the vector-vector meson states, six independent helicity amplitudes contribute [5] .
The B 0 s → K * 0 K * 0 decay was first observed with 35 pb −1 of LHCb data [6] . A remarkably low longitudinal polarisation fraction was observed, at variance with that observed in the mirror channel B 0 → K * 0 K * 0 [7] and with some predictions from QCD factorisation [8, 9] .
In the presented analysis, a search for non-SM electroweak amplitudes is reported in the decay B 0 s → K + π − K − π + , with the Kπ mass close to the K * (892) 0 resonance (|M(Kπ) − m K * (892) 0 | < 150 MeV/c 2 ), through the measurement of all CP-violating observables accessible when the flavour of the bottom-strange meson is not identified. These observables include triple products (TPs) and other CP-odd quantities [10] , many of which have not yet been measured in this decay mode. These studies are performed using 1.0 fb −1 of pp collision data taken by LHCb in 2011 at a centre-ofmass energy of √ s = 7 TeV.
An extended unbinned maximum likelihood fit to the mass spectrum of the selected B 0
The magnitudes and phases of the various amplitudes contributing to the B 0 s → K + π − K − π + decay are determined using a five-dimensional fit to the three helicity angles, 1 and to the invariant mass of the two Kπ pairs of all candidates with a four-body invariant mass |M( (Fig. 1) .
The low polarisation of the vector-vector decay is confirmed by the measurement f L = 0.201 ± 0.057 (stat.) ± 0.040 (syst.), and a large S-wave contribution is found.
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Charmless B decays Brais Sanmartin Sedes A test of the SM is performed by measuring eight CP-violating quantities which are predicted to be small in the SM. The measured asymmetries are found to be compatible with the SM expectation, within 2 standard deviations.
Finally, an update of the B 0 s → K * 0 K * 0 branching fraction, using the B 0 → φ K * 0 decay as
, in agreement with the theoretical prediction [8] .
Amplitude analysis of
The study of B meson decays to ρρ final states provides the most powerful constraint to date for the Cabibbo-Kobayashi- [12, 13, 14] . Measurements of the B 0 → ρ 0 ρ 0 branching fraction and longitudinal polarisation fraction at LHCb can be used as inputs in the determination of α [13, 14] . The BaBar and Belle experiments reported previous evidence for the B 0 → ρ 0 ρ 0 decay [15, 16] . Each experiment measured the fraction f L of decays yielding a longitudinally polarised final state through an angular analysis. These results differ at the level of 2.0 standard deviations. In addition, Belle reported a hint of the B 0 → ρ 0 f 0 (980) decay [16] .
The search of the B 0 → ρ 0 ρ 0 decay is performed using 1.0 fb −1 of pp collision data taken by LHCb in 2011 at a centre-of-mass energy of √ s = 7 TeV and 2.0 fb −1 in 2012 at a centre-of-mass
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signal decays with π + π − pairs in the 300-1100 MeV/c 2 mass range is obtained. In the same π + π − pairs mass range, B 0 s → (π + π − )(π + π − ) decays are also observed with a statistical significance of more than 10 standard deviations. Even though the B 0 → ρ 0 ρ 0 is expected to dominate the (π + π − ) mass spectrum, the (π + π − ) combinations can actually emerge from S-wave non-resonant and resonant contributions or other P-or D-wave resonances interfering with the signal. Hence, the determination of the B 0 → ρ 0 ρ 0 yields requires a two-body mass and angular analysis (M(π + π − ) 1,2 , cos θ 1,2 and ϕ), 2 from which the fraction of the longitudinally polarised final state can be measured (Fig. 2) .
The resulting longitudinal polarisation fraction of the B 0 → ρ 0 ρ 0 decay is found to be f L = 0.745
−0.058 (stat.) ± 0.034 (syst.). The value of the measured B 0 → ρ 0 ρ 0 branching fraction, using the B 0 → φ K * (892) 0 decay as reference, is determined to be B(B 0 → ρ 0 ρ 0 ) = (0.94±0.17 (stat.)± 0.09 (syst.) ± 0.06 (BF)) × 10 −6 , where the last uncertainty is due to the normalisation channel. This decay mode is observed for the first time with a significance of 7.1 standard deviations. The measured longitudinal polarisation fraction is consistent with the measured value from BaBar [15] while it differs by 2.3 standard deviations from the value obtained by Belle [16] . The branching fraction measurement is in agreement with the values measured by both BaBar [15] and Belle [16] collaborations.
The evidence of the B 0 → ρ 0 f 0 (980) decay mode reported by the Belle collaboration [16] is not confirmed, and an upper limit at 90% confidence level is established 
First observation of
The first observation of the B 0 s → η η decay is reported. The study is performed using 1.0 fb −1 2 θ 1(2) is the angle between the direction of π − 1 (2) meson and the direction opposite to the B-meson momentum in the rest frame of ρ 0 1 (2) , and ϕ is the angle between the decay planes of the two vector mesons in the B-meson rest frame.
The subscripts 1 and 2 refer to the first and second π + π − pairs, which are sorted randomly.
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Charmless B decays Brais Sanmartin Sedes of pp collision data taken by LHCb in 2011 at a centre-of-mass energy of √ s = 7 TeV and 2.0 fb −1 in 2012 at a centre-of-mass energy of √ s = 8 TeV. The decay B 0 s → η η is expected to have a relatively large branching fraction [18, 19, 20, 21, 22] . The η η final state is a pure CP eigenstate. Decays to this final state of B 0 s and B 0 s mesons flavour tagged at production may therefore be used to investigate time-dependent CP asymmetries in a complementary way to the measurements in B 0 s → φ φ , but without the need for an angular analysis. The branching fraction is measured using the known B ± → η K ± and B ± → φ K ± decays as calibration channels. The CP asymmetries of the calibration channels are also measured, relative to that of the B ± → J/ψK ± channel. The B 0 s → η η signal yield is determined from a multidimensional unbinned extended maximum likelihood fit to the sample of B 0 s → η η (Fig. 3) and B ± → η K ± candidates. We observe 36.4 ± 7.8 (stat.) ± 1.6 (syst.) B 0 s → η η decays, corresponding to a significance of 6.4 standard deviations, including both statistical and systematic uncertainties.
The measured B 0 s → η η branching fraction, B(B 0 s → η η ) = [3.31 ±0.64 (stat.)±0.28 (syst.)± 0.12 (norm)] × 10 −5 , agrees with the theoretical predictions.
The B ± → η K ± and B ± → φ K ± charge asymmetries are determined using the strategy adopted in Ref. [23] and are measured to be A CP (B ± → η K ± ) = [−0.2±1.2 (stat.)±0.1 (syst.)±0.6 (norm.)]× 10 −2 and A CP (B ± → φ K ± ) = [+1.7 ± 1.1 (stat.) ± 0.2 (syst.) ± 0.6 (norm.)] × 10 −2 . These results are compatible with the hypothesis of CP symmetry and with the SM predictions [24, 25] . s → η η signal, (long-dashed blue curves) combinatorial background without an η resonance in the final state, (dot-long-dashed black curves) partially reconstructed background without an η resonance, (short-dashed red, short-dashed blue curves) combinatorial background with one η resonance, and (dot-dashed green, dot-dashed black curves) partially reconstructed background with one η resonance. The total fit function is shown as the solid blue curve.
Search for
A search is performed for the as yet unobserved baryonic [27] , depending on the model
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Charmless B decays Brais Sanmartin Sedes used to calculate the hadronic form factors. The interference between Feynman diagrams cancel in such a way that the branching fractions for the Λ 0 b → Λη and Λ 0 b → Λη decays are expected to be similar. The decay B 0 → K 0 S η is used as a normalisation channel for the measurement of the branching fractions of the signal decays.
No significant signal is observed above background for the Λ 0 b → Λη decay, and some evidence is seen for the Λ 0 b → Λη at the level of 3.0 standard deviations. An upper limit on the absolute branching fraction of the Λ 0 b → Λη decay is placed using the unified approach [28] . The value is B(Λ 0 b → Λη ) < 3.1 × 10 −6 at 90% CL. The branching fraction of the
. These results favour the branching fractions calculated using the pole model to estimate the hadronic form factors. In addition, our results are inconsistent with the prediction for B(Λ 0 b → Λη ) obtained by neglecting the anomalous contribution to the decay amplitude [27] , indicating that a gluonic component of the η wavefunction should be present.
First observation of
A search for B 0 (s) → K 0 S K * 0 decays is performed using 1.0 fb −1 of pp collision data taken by LHCb in 2011 at a centre-of-mass energy of √ s = 7 TeV. The branching ratios are determined using the B 0 → K 0 S π + π − decay as a normalisation mode. Two dimensional extended maximum likelihood fits to the unbinned K 0 S K + π − and K + π − mass distributions are used to determine the event yields for the signal channel (Fig 4) , while an independent one-dimensional fit to the K 0 S π + π − mass distribution is used for the normalisation channel. Decays of K 0 S mesons are reconstructed in two mutually exclusive categories, long and downstream, depending on whether or not the π tracks from the K 0 S decays have hits in the vertex detector, and these two categories are fitted simultaneously.
The B 0 s → K 0 S K * 0 decay is observed for the first time, with a total significance of 7.1 standard deviations. For the B 0 → K 0 S K * 0 decay, an upper limit is determined. The absolute branching fractions are determined to be B(B 0 s → K 0 K * 0 ) = (10.9 ± 2.5(stat) ± 1.0(syst) ± 0.5( f s / f d ) ± 0.4(norm))×10 −6 and B(B 0 → K 0 S K * 0 ) = (0.15±0.25(stat)±0.05(syst)±0.01(norm)×10 −6 , < 0.64(0.69) × 10 −6 at 90% (95%) CL. where the first uncertainty is statistical, the second systematic, the third due to the ratio of the fragmentation fractions and the fourth due to the uncertainty on the branching fraction of the normalisation decay. These results are in agreement with the theoretical predictions [18, 20, 30] .
Measurement of B 0
s → φ φ BF [31] In this analysis, the B 0 s → φ φ branching fraction is measured using 1.0 fb −1 of pp collision data taken by LHCb in 2011 at a centre-of-mass energy of √ s = 7 TeV and 2.0 fb −1 in 2012 at a centre-of-mass energy of √ s = 8 TeV. The decay B 0 → φ K * (892) 0 is used for normalisation. In addition, a search for the unobserved decay B 0 → φ φ is made. This decay is suppressed in the SM, with an expected branching ratio in the range 0.1 − 3 × 10 −8 [8, 32, 33, 34] . However, the branching ratio could be enhanced in New Physics models. The best limit to date for this mode is from the BaBar collaboration [35] , B(B 0 → φ φ ) < 2.0 × 10 −7 at 90 % confidence level.
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Charmless B decays Brais Sanmartin Sedes The yields for the signal and normalisation channels are determined from fits to the invariant mass distributions of selected candidates, where 2309 ± 49 signal candidates are found. The absolute branching fraction measured is B(B 0 s → φ φ ) = [1.84±0.05 (stat.)±0.07 (syst.)±0.11 (f s /f d )± 0.12 (norm.)] × 10 −5 . This is in agreement with the measurement made by the CDF collaboration and with theory predictions [8, 36] .
The data are consistent with no B 0 → φ φ contribution. The statistical significance of the fitted B 0 signal is less than 2 standard deviations, hence a limit on the branching fraction is determined to be B(B 0 → φ φ ) < 3.7 × 10 −8 at 90% confidence level. This is tighter than the previous limit set by BaBar [35] and provides a strong constraint on possible contributions from physics beyond the SM to this mode [34] .
Conclusions
The latest results in charmless B decays from LHCb are presented. In the B 0 s → K * 0 K * 0 decay, the low longitudinal polarisation is confirmed, a very large S-wave contribution is found and the measurements of the CP-violating asymmetries are compatible with the SM. The B 0 → ρ 0 ρ 0 decay is observed for the first time and the discrepancy between BaBar and Belle with regard to the different measurements of the longitudinal polarisation is solved. There is no observation of the B 0 → ρ 0 f 0 (980) decay. The B 0 s → η η decay and the B 0 s → K 0 S K * 0 decay are observed for the first time, and also for the first time, an evidence of the Λ 0 b → Λη decay is detected. Finally, the measurement of the B 0 s → φ φ branching fraction is performed, and no evidence of the B 0 → φ φ decay is found. All of the presented measurements are consistent with the SM predictions at the current level of precision.
